The cross-section distribution of U.S. import prices exhibits some of the fat-tailed characteristics that are well documented for the cross-section distribution of U.S. consumer prices. This suggests that limited-influence estimators of core import price inflation might outperform headline or traditional measures of core import price inflation. We examine whether limited influence estimators of core import price inflation help forecast overall import price inflation. They do not. However, limited influence estimators of core import price inflation do seem to have some predictive power for headline consumer price inflation in the medium term.
Introduction
As the United States has become more open to international trade, analysts have increasingly paid more attention to developments in import prices as sources of in ‡ationary or disin ‡ationary pressures in the U.S. economy. In the earlier part of the last decade, the integration of China into the global trading system was viewed by many as an important source of disin ‡ationary pressures on the U.S. economy. However, as the decade evolved, analysts realized that the impact of China and other rapidly growing emerging market economies was more subtle, given the voracious demand of these economies for oil and other raw materials.
Far from being a source of permanent disin ‡ationary pressures that always operated in just one direction, it was soon realized that the impact of these emerging market economies on in ‡ation dynamics in the advanced economies was more complicated. 1 The benchmark model used by most central banks for thinking about short run in ‡ation dynamics is of course the Phillips Curve which has its origin in the empirical relationship …rst documented by Phillips (1958) . In the Phillips Curve framework, resource utilization or slack is seen as being useful in predicting future in ‡ation. De…ning and measuring the relevant measure of slack or resource utilization is challenging. Some researchers rely on purely statistical measures, such as deviations from a deterministic or time-varying trend of some sort. Others employ measures that have some basis in economic theory, such as production function measures or deviations from some measure of the frictionless level of activity. Some of these issues are reviewed in Wynne and Solomon (2007) . Then there is also the question of whether the relevant measure of slack should be measured at the domestic or global level when an economy is open to international trade. See, for example, the discussion in Martínez-García and Wynne (2010 Wynne ( , 2012 .
Phillips also recognized the importance of import prices as a determinant of (wage) 1 See for example Charles Bean's remarks at the Jackson Hole symposium in 2006, and speci…cally his observation that "While the Sino-Indian development miracle probably has some way to run, the neartripling of oil prices over the past couple of years, and the rise in commodity prices more generally, is surely itself in large part a re ‡ection of the rapid industrialization of China and the other emerging economies. The fact that the rise in oil prices is the ‡ip side of the globalization shock to me renders highly suspect the practice of focusing on measures of core in ‡ation that strip out energy prices while retaining the falling goods prices." (Bean, 2006, pp. 307-308). in ‡ation in his original study, but much of the early literature that developed in the wake of his seminal contribution tended to omit such prices. The experience of the 1970s changed all that, and the revised versions of the Phillips Curve model that emerged in the wake of the oil shocks tended to include, in addition to terms that controlled for in ‡ation expectations, terms that captured foreign in ‡uences on domestic prices.
2
The concept of core in ‡ation was developed in the 1970s as it became apparent that some movements in the headline in ‡ation numbers tracked by central banks might be due to transitory developments in relative prices in speci…c markets to which it might not be appropriate for monetary policy to respond. One-time or transitory movements in food or energy prices from month to month, for example, were seen as providing little or no information about the evolution of in ‡ation over the longer horizons that are of more interest to central bankers, and as these prices became more volatile, the original (and still widely used) measures of core in ‡ation simply excluded them. Moreover, core in ‡ation was seen as providing useful information about where headline in ‡ation was headed in the future, or, as being helpful in predicting headline in ‡ation.
Research on the measurement of core in ‡ation received a major boost in the 1990s due to the work of Bryan and Pike (1991) and Bryan and Cecchetti (1994) , who proposed a more systematic approach to the measurement of core in ‡ation, motivated in part by the large literature on price stickiness. They were the …rst to propose the use of limited in ‡uence estimators such as the trimmed mean or weighted median of the cross-section distribution of price changes to measure core in ‡ation. The limited in ‡uence estimator approach has subsequently proven very in ‡uential in the literature on core in ‡ation (see, inter alia, the papers by Roger (1997) , Vega and Wynne (2003) and Dolmas (2005) ).
To date, all of the literature on core in ‡ation measurement has been concerned with core consumer price in ‡ation. In this paper we explore the use of limited in ‡uence estimators to measuring core import price in ‡ation, and speci…cally, whether such estimators of core import price in ‡ation can improve our ability to forecast either headline import price or headline consumer price in ‡ation in the U.S. This appears to be a relatively under-researched topic, 2 See for example Gordon (2011). which is a bit surprising, as most of the relative price shocks that seem to necessitate the construction of core in ‡ation measures are to the prices of goods that are traded in global markets. Moreover, the prices of these goods are largely determined by global rather than purely domestic factors. We …nd that the properties of the cross-section distribution of U.S. import prices are similar to those of the cross-section distribution of U.S. consumer prices, and speci…cally, that the cross-section distribution of import prices exhibits the same kind of excess kurtosis found in the cross-section distribution of import prices. Thus, limitedin ‡uence estimators of core import price in ‡ation might be superior along some dimensions to the simple mean or the traditional exclusion-type measure of core import price in ‡ation.
We …nd that while the limited in ‡uence estimator of core import price in ‡ation does not help in predicting headline import price in ‡ation, it does have some incremental predictive power for headline consumer price in ‡ation.
Data
Our objective in this paper is to see whether trimmed mean measures of core import price in ‡ation have any predictive power for in ‡ation at the consumer level in the U.S. A necessary …rst step is to look at the properties of the cross section distribution of import price changes to see if the e¢ ciency gains that are known to come with trimming are likely to be realized. Limited in ‡uence estimators of central tendency are superior to a simple mean when the cross section distribution of price changes exhibits excess kurtosis, or has "fat tails" (see Dolmas (2005) ). High kurtosis makes the sample mean a less e¢ cient and less robust estimator of the population mean. The mean of the Normal distribution, with a kurtosis of 3, is most e¢ ciently estimated using the sample mean because equal weight is placed on all observations. For distributions with kurtosis greater than 3, the most e¢ cient estimators place relatively low weights on observations in the tails. A trimmed-mean computation is such an estimator as it gives zero-weights to some proportion at each end of the distribution.
A …nding of skewness that is more than zero would suggest that trimmings should not be constrained to symmetric ones.
Let us de…ne i;tjt 1 = ln(p m i;t =p m i;t 1 ) as the month-over-month percentage change in the i'th import price series p m i;t at date t. Our basic data on import price indexes are drawn from the monthly U.S. Import and Export Price Indexes report, and speci…cally from Table 5 "U.S. Import Price Indexes Classi…ed by the Harmonized System".
3 While the Harmonized classi…cation system publishes data up to the four digit level, we limit ourselves to the threedigit level to maximize time series coverage (many of the series at the four digit level have short time series histories or have been discontinued). with the more aggregated series with the larger weight. While this is less than desirable from the perspective of computing trimmed means, it is analogous to the problem that arises when trimming the component series of the Consumer Price Index and the large weight that is attached to owner-occupied housing in that index. In June 2012, for example, the expenditure category "Owner's equivalent rent of primary residence" had a relative importance of 23.8 percent in the Consumer Price Index, not very di¤erent from the 21.7 percent relative importance of "Mineral fuels"in the import price index.
Let us also de…ne tjt 1 = P i w i;t i;tjt 1 as the weighted mean of the cross section distribution of import price changes at date t with weights w i;t . Note that the weights are indexed by t and are time varying. The weights we use are the relative importances of each item published in the monthly price report. The q'th higher-order central moment of the cross section distribution of price changes at date t is then de…ned as m q;tjt 1 = P w i;t ( i;tjt 1 i;tjt 1 ) q : The 3 The monthly report also includes import prices classi…ed by end use category and by NAICS. 4 Recall that Bryan and Cecchetti (1994) worked with 36 component series of the CPI. (m 2;tjt 1 ) 2 . Table 2 lists some summary statistics for the average cross-section distributions of the month-over-month changes of U.S. import price indexes over the period 1993:10-2012:7. For comparison we report the comparable statistics for the cross section distribution of the month-over-month changes in the components of the CPI over the same period. The table shows the average value over the sample period of the cross-section mean, standard deviation, skewness and kurtosis of the monthly price changes that go into both indexes. Note that while the mean rates of import price in ‡ation and consumer price in ‡a-tion over the sample are of comparable order of magnitude, the volatility of import prices (as measured by the standard deviation of the cross-section distribution) is more than twice that of consumer prices. Both measures of prices exhibit high kurtosis and positive skewness (the sample skewness of 0.698 in the consumer price series is more than twice the value of 0.346 reported by Bryan and Cecchetti in their original study). Figure 1 plots the evolution of the standard deviation, skewness and kurtosis of the cross section distribution of monthly changes of U.S. import and consumer price indexes over the sample time period. Not surprisingly, the …gure shows that import prices are a lot more volatile than consumer prices, but that the skewness and kurtosis of the two distributions are more comparable.
The construction of the trimmed mean in ‡ation rate of import prices is standard. 5 We start by sorting the prices at a particular date from lowest to highest and then de…ne the cumulative weight from the smallest price change to the i'th highest as is de…ned as W i;t = 5 See Appendix for steps of calculating trimmed mean measures of in ‡ation. w (j);t where w (j);t denotes the sorted j'th weight at date t and by de…nition 1 > w (j);t = 0.
We then de…ne an index set I = fi : < W i;t < 1 g. The percent (symmetric) trimmed mean import price in ‡ation rate is then de…ned as tjt 1 ( ) = 1 1 2 P i2I w (i);t i;tjt 1 . The ( T ; B ) asymmetric trimmed mean is de…ned analogously with I T ; B = fi : B < W i;t < T g and tjt 1 ( T ; B ) = 1 1 T B P i2I w (i);t i;tjt 1 : The choice of how much to trim from each tail of the distribution is determined using the same criterion employed by Bryan and Cecchetti (1994) . They use a 36-month-centered moving average of monthly in ‡ation rates as a proxy for the trend rate of in ‡ation, and choose how much to trim from the tails of the cross-section distribution so as to minimize the deviation of the trimmed mean from this measure of trend. Using this criterion, the optimal trimming discards 48 percent from the left tail and 39 percent from the right tail, (2009) and others, the benchmark model we use to investigate the ability of some candidate series x t to help forecast in ‡ation is the following
where t+hjt = (1200=h) ln(p t+h =p t ) is the h-period annualized increase in the price level p t , x t is the variable whose predictive power we are interested in, is a constant and (L), (L) and (L)are polynomials in the lag operator L. This equation allows us to ask as of each date t whether -when it comes to forecasting in ‡ation h months in the future -there is any incremental predictive power in the series x t over and above what we obtain from the time series behavior of in ‡ation itself. We use di¤erent speci…cations for the x t variable and compare the performance of each in predicting annualized U.S. headline consumer and import price in ‡ation at di¤erent forecast horizons. The benchmark univariate forecasts, where forecasts of annualized headline CPI and import price in ‡ation are based exclusively on lags of the …rst di¤erence of the logs of the CPI, and import price index are generated from the ARMA model
We then compare the accuracy of the forecasts generated by this simple model with those generated by the more general models that include di¤erent measures of import price in ‡ation, speci…cally a measure of all import price in ‡ation, a measure of core import price in ‡ation where core is de…ned using the traditional exclusion approach and excludes the prices of petroleum imports, and …nally di¤erent measures of trimmed mean import price in ‡ation. 6 We perform a pseudo out-of-sample forecasting exercise for each model over the horizons h=1, 3, 6, 9, 12, 18, and 24 months. The estimation sample begins in October 1993, and ends in December of 2001. volatile. We use recursive samples and evaluate the forecast accuracy using the mean square forecasting error statistic (MSFE), where^ t+hjt is the forecasted headline in ‡ation, t+hjt is the realized in ‡ation rate between t and t + h, and T is the sample size:
Results
We assess the predictive power of each model for both import and CPI in ‡ation forecasts.
The ARMA model is used as the benchmark for each of the forecasts and therefore its MSFEs are expressed in absolute terms. The forecast errors of the other speci…cations are presented as the MSFEs of that speci…cation relative to the MSFEs of the benchmark model. Therefore, MSFEs more than 1 imply larger forecast errors than those from the ARMA model. The lower the relative MSFEs, the better the forecasts. 6 In addition to the headline ("All commodities") import price index reported each month, the U.S. Department of Labor also reports a number of core import price indexes, speci…cally for "All commodities excluding food and fuels", "All commodities excluding petroleum", "All commodities excluding computers/semiconductors/petrol", "All commodities excluding fuels", and "All commodities excluding computers/semiconductors/fuels". The rationale for these measures of core import price in ‡ation is much the same as that for the traditional exclusion type measures of core CPI or PPI in ‡ation, namely that movements in the prices of certain categories of commodities or goods are excluded from months that they may have a large e¤ect on the headline number and might not be indicative of underlying trends. 7 We pick an estimation period of nine years as this generally captures a full business cycle, and is analogous to the length of time used in D' Agostino and Surico (2009) . 12-year and a 5-year estimation periods were also considered, and the results were generally unchanged. benchmark ARMA model, 3 lags of import price in ‡ation and an MA(3) of the error terms are used to forecast annualized import price in ‡ation rates at the di¤erent horizons. The lag structure was selected by the Schwartz information criterion.
8 Candidate predictors (core and trimmed mean import price in ‡ation) enter the benchmark speci…cation with 3 lags each.
The …rst thing to note from Tables 3 and 4 is the enormous size of the MSFEs associated with forecasting import price in ‡ation at short horizons. Even at longer horizons (two years) the errors are comparable in magnitude to the series being forecast. The results in Table 3 indicate that both the traditional ("All commodities excluding petroleum") measure of core import price in ‡ation and the trimmed-mean measure of core import price in ‡ation have little or no predictive power for headline import price in ‡ation over and above that provided Unlike what Bryan and Cecchetti (1994) found for trimmed-mean consumer price in ‡ation measures, trimmed-mean import price in ‡ation measures do not signi…cantly help forecast headline import price in ‡ation, and for the most part, underperform the (already poorly performing) ARMA model. Table 5 and 6 show the forecast errors of annualized CPI in ‡ation using an autoregressive model and those augmented with headline and core measures of imports in ‡ation.
The benchmark model includes 2 lags of CPI in ‡ation and an MA(3) of the error terms.
An additional 3 lags of each of the imports in ‡ation measures are considered in the remaining models. Table 5 indicates that imports in ‡ation produce errors that are slightly more accurate than the ARMA benchmark model at the 1, 12, and 18-month horizons for the forecasting sample that includes the Great Recession. For the 24-month horizon, import prices provide no information for CPI in ‡ation. However, when the MSFEs sample is restricted to the period ending in 2007, interesting results emerge as shown in Table 6 . There are substantial improvements in the forecasts in horizons 12 and 18. Among the three import in ‡ation measures used to forecast CPI in ‡ation, some of the trimmed-mean forecasts provide the smallest MSFEs at the 1, 3, 12, and 18 month horizons. At h=6, all imports excluding petroleum provides the best forecast. Trimmed-mean in ‡ation measures improve the accuracy of the benchmark model by up to 60-70 percent at the h=12 and 18-month horizon, and the di¤erent degrees of trimming evaluated suggest there is a range of trims that outperform the exclusion core measure of imports in ‡ation. 
Conclusions
This paper explored the statistical properties of the cross-section distribution of U.S.
import prices. We showed that the distribution is characterized by the same fat-tails property that is found in the cross-section distribution of U.S. consumer prices. This property suggests that limited in ‡uence estimators of the mean of the distribution are superior to conventional measures, and that a limited in ‡uence estimator of core import price in ‡ation might outperform conventional measures of core import price in ‡ation. Limited in ‡uence estimators of core import price in ‡ation are attractive from the perspective of having a basis in statistical theory, and because the choice of which prices to include and which to exclude in the core measure is based on the behavior of prices each month, and not on an arbitrary one-time decision (as with the traditional exclusion type "Ex. Food and Energy" measures of core) to always include some prices and always exclude others. Speci…cally, we examined whether these limited in ‡uence measures had any incremental predictive power for headline import price and headline consumer price in ‡ation. We found that during periods of macroeconomic stability as in the Great Moderation, trimmed mean import in ‡ation measures have some incremental predictive power for headline CPI in ‡ation, but o¤er little information for future overall import price in ‡ation. The traditional core import price measure that excludes petroleum -as well as the headline import price series -also provide some value in forecasting CPI in ‡ation, but are outperformed by the trimmed-mean in ‡ation measures at most horizons we evaluated. Core measures of import price in ‡ation provide little or no predictive power for headline U.S. import price in ‡ation.
In terms of directions for future research, our …ndings suggest a number of possibilities. To begin with, it would be interesting to know if the properties of the cross-section distribution of import prices that we document for the United States are also present in the cross-section distributions of import prices for other countries, especially countries that are more open to international trade than the United States. It would also be interesting to know if the properties of the cross-section distribution of import prices have changed over time as the world has become more economically integrated as a result of globalization. And …nally, it would be interesting to see whether limited in ‡uence estimators of core import price in ‡ation have incremental forecasting power for headline in ‡ation in other countries besides the United States. Monetary policy is of necessity forward looking, and in ‡ation forecasts are a crucial input to monetary policymaking everywhere. However, it is well known that accurate in ‡ation forecasts are hard to come by and that it is di¢ cult to beat forecasts generated by a simple AR model of in ‡ation. To the extent that the …ndings we document here prove to be robust, they will be a useful input to policymaking.
6 Appendix: Computing trimmed mean import price in ‡ation Each month's trimmed mean import price in ‡ation rate is calculated using the following steps.
1. Compute the monthly percent change (without annualization) in each component import price index.
2. Sort the percent changes in price from smallest to largest, and sort the relative importance weights for each component along with the price changes. The ordered in ‡ation rates and weights are denoted, respectively, i and w i; i = 1; 2; 3::::; n:
3. Form the cumulative sum of the sorted relative importance weights for each ordered price change i. For example, the cumulative weight associated with 4 ;the fourthranked price change, equals w 1 + w 2 + w 3 + w 4:
4. Exclude those percent changes in price for which the cumulative weight is either equal or more than , the percent you would like to trim to compute a ( )-trimmed mean in ‡ation, i.e. let i t ( ) = min I : To compute a trimmed mean in ‡ation that truncates 10% on each side, start by eliminating price changes whose cumulative weights fall outside the 0.1 and 0.9 range, i.e.
only consider the price changes that are in the center of the price distribution after trimming 10% from both left and right tail of the distribution. Product A, with the smallest price change and with a weight of 0.05 is eliminated. Product B is also eliminated because its cumulative weight is within than the 0.1 needed to be trimmed.
Products C, D and E are retained as their cumulative weights fall within the 0.1 and 0.9 range. Product F is eliminated as its weight is exactly 0.1, the percent to be trimmed from the right tail of the import price distribution.
The new weighted average is computed using price changes of products C, D, and E 
